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RELATED APPLICATION DATA 
[0001] This ^plication is based on and claims the benefit of U.S. Provisional 

Patent Application No. 60/525,565 filed on November 25, 2003, the disclosure of which is 
incorporated herein in its entirety by this reference. 

TITLE OF INVENTION 
[0002] Irciniastatins A and B 

INTRODUCTION 

[0003] Financial assistance for this invention was provided by the United 

States Government, National Institutes of Health Grant Nxmibers CA44344-01-12 and ROl 
CA9044 1-0 1-02, the Arizona Disease Research Commission, and numerous private 
contributors. Thus, the United States Govermnent has certain rights in this invention. 

FIELD OF THE INVENTION 
[0004] This invention relates to novel, naturally-derived compounds having 

anticancer properties. 

BACKGROUND OF THE INVENTION 
[0005] Numerous marine organism-derived anticancer drugs are either already 

in human cancer clinical trials or advancing in preclinical development toward that vitally 
important objective. Others are in earlier stages of development. Described herein are novel 
anticancer drag candidates based on a marine organism, the marine sponge Ircinia ramosa. 
(Pettit, G. R., et al., Biosynthetic products for anticancer drag design and treatment: the 
bryostatins. In Anticancer Drug Design^ Ed. by B. Baguley, Academic Press, San Diego, 
CA, 2002, pp. 203-235; Clamp, A., et al.. The clinical development of the bryostatins, Anti- 
Cancer Drugs 2002, 13, 673-683; O'Brien, M. et al.. Synthesis of the C(l)-C(16) fragment of 
bryostatins. Tetrahedron Lett, 2002, 43, 5491-5494; Saad, E. D., et al.. Phase U study of 
dolastatin 10 as first-line treatment for advanced colorectal canc^, Am, J, Clin. Oncol 2002, 
25, 451-453; van Kesteren, C, et al.. Clinical pharmacology of the novel marine-derived 
anticancer agent Ecteinascidin 743 administered as a 1- and 3-h infusion in a phase I study, 
Anti-Cancer Drugs 2002, 13, 381-393; Endo, A., et al.. Total synthesis of Ecteinascidin 743, 
J. Amer, Chem. Soc. 2002, 124, 6552-6554; Jimeno, J. M., A clinical armamentarium of 
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marine-dOTved anticancer compounds, Anti-Cancer Drugs 2002, 13, S15-S19; Paterson, L, 
et al.. Total synthesis of altohyrtin A (spongistatin 1): an alternative synthesis of the CD- 
spiroacetal subimit. Tetrahedron Lett. 2002, 43, 3285-3289; Crimmins, M. T., et al., 
Asymmetric total synthesis of spongistatins 1 and 2, J. Amer Chem. Soc, 2002, 124, 5661- 
5663; Cragg, G. M., et al., Medicinals for the millemiia. Ann, New York Acad Sci. 2001, 
953, 3-25; Vedejs, E., et al., A total synthesis of (-)-Hemiasterlin iising N-Bts methodology; 
J. Org, Chem, 2001, 66, 7355-7364; Faulkner, D. J., Marine natural products, Nat, Prod, 
Rep, 2001, 18, 1-49, Faulkner, D. J., Marine natural products. Nat Prod. Rep. 2000, 17, 7- 
55.) 

[0006] In the sponge phylum Porifera, the order Dictyoceratida contains very 

productive families in terms of biologically active constituents and Ircinia ramosa is a 
member of one, the Ircinidae family. The Ircinia genus is known in the Indo-Pacific area 
including Malaysia, Sempoma, Borneo and Papua New Guinea. (Gosliner, T. M., et al.. 
Coral Reef Animals of the Indo-Padfic, In Sea Challengers, Monterey, CA, p. 25, 1996; 
Colin, P. L., et al.. Tropical Pacific Invertebrates, Coral Reef Research Foundation, p. 53, 
1995. 



SUMMARY OF THE INVENTION 

[0007] The present invention relates to novel compounds, useful in the 

treatment of cancer. The novel compounds are derived from marine organisms, in particular 
from the marine sponge Ircinia ramosa, and exhibit valuable anti-cancer properties. The 
compoimds are denominated as irciniastatin A and irciniastatin B. Stractural elucidation 
revealed the imusual stmctures of these compounds. 

[0008] Irciniastatins A and B appear to be powerful (GI50 0.001 to <0.0001 

Aig/ml) murine and human cancer cell growth inhibitors. Both were isolated (10'^ to 10"^ % 
yields) by cancer cell line bioassay-guided techniques. The dichloromethane-methanol 
extract exhibited strong (GI50 10"^ jiig/ml) activity against the P388 lymphocytic leukemia and 
a minipanel of human cancer cell lines, including pancreas, breast, CNS, lung, colon and 
prostate cell lines. 



DESCRIPTION OF THE DRAWINGS 
[0009] Figure 1 illustrates the structures of irciniastins A and B. 

[0010] Figure 2 illxistrates the NOE correlations around C-5 - C-12 in 

irciniastatin A. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0011] An enconragmg number of marine organism-derived anticancer drugs 

are either already in human cancer clinical trials or advancing in preclinical development 
toward that vitally important objective. Others are in earlier stages of development. The 
present invention is a result of the inventors' efforts to discover increasingly useful anticancer 
drug candidates based on marine organism constituents. In particular, the inventors have 
discovered a promising lead offered by the marine sponge Ircinia ramosa. In the sponge 
phylirai Porifera, the order Dictyoceratida contains very productive families in terms of 
biologically active constituents and Ircinia ramosa is a member of one, the Ircinidae family. 
The Ircinia genus is known in the Indo-Pacific area including Malaysia, Sempoma, Bomeo 
and Papua New Guinea. 

[0012] The following describes how the compounds of interest, Lrciniastatins 

A and B, were obtained. These compounds are quite remarkable in terms of both cancer cell 
growtii inhibition and novel structure. Since 1972, the Ircinia genus has been part of over 
135 published studies where some eleven have led to cancer cell growth inhibitors such as the 
marine alkaloid irdniamine. (Kuramoto, M., et al., a novel cytotoxic alkaloid from Ircinia sp., 
Chem, Lett, 2002, 4, 464-465; Salama, A. M., et al., Antimicrobial and antitumor activity of 
variabiline and its enanthiomers isolated from Ircinia felix\ Revista Colombiana de Ciencias 
Quimico-Farmaceuticas 2001, 30, 74-80; Yan, S-J., et al. Rare long conjugated diterpene 
ketene from the marine sponge Ircinia selaginea (Lamark), Gaodeng Xuexiao Huaxue 
Xuebao 2001, 22, 949-951; Takada, N,, et al.. Isolation and stractures of haterumalides NA, 
NB, NC, ND, and NE, novel macrolides from an Okiaawan sponge Ircinia sp.. Tetrahedron 
Lett, 1999, 40, 6309-6312; Prokofeva, N. G., et al., T. A. Membranotropic effects of cyclic 
lipopeptides produced by a marine isolate of the bacteria Bacillus pumilus, Biologiya Morya 
(Vladivostok) 1996, 22, 179-182; Mau, C. M. S., et al., a cyclic hexapeptide from the sponge 
Ircinia dendroides, J. Org. Chem, 1996, 61, 6302-6304; Kondo, K., et al.. Structures of 
irdnals A and B, novel alkaloids from the Okinawan marine sponge Ircinia sp., Tennen Yuki 
Kagobutsu Toronkai Koen Yoshishu 1992, 34, 463-469; Kamimura, D., et al.. Novel 
antitumor sesterterpenoids, Jpn. Kokai Tokkyo Koho 1993, JP 92-40445 19920131; Kondo, 
K., et al., Ircinals A and B from the Okinawan marine sponge Ircinia sp.: Plausible 
biogenetic precursors of manzamine alkaloids, J. Org. Chem. 1992, 57, 2480-2483; 
Mihopoulos, N., et d., /rama ^/?mo^w/a. Zeitschriftjur Natufforschung. Section Journal 
of Biosciences 1999, 54, 417-423; De Rosa, S., et al.. Biological effects of prenylated 
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hydroquinones: Structure-activity relationship studies in antimicrobial, brine shrimp, and fish 
lethaUty assays, J. Nat. Prod, 1994, 57, 1711-1716.) 

[0013] The sponge was preserved in methanol and extracted with 

dichloromethane-metiianol (1:1). The dichloromethane fi-action was subjected to solvent 
partition separation (n-hexane and 9:1 CHsOH-water followed by CH2CI2 and 3:2 CH3OH- 
water). The resulting dichloromethane-soluble fi-action was separated, guided by P388 
leukemia cell line bioassay, employing gel pemieation and partition colvimn chromatographic 
procedures on Sephadex LH-20 with CH3OH, CH2CI2-CH3OH (3:2), and n-hexane-CH2Cl2- 
CH3OH (5:1:1) as eluents. Final separation and purification procedures were performed by 
utilizing reversed phase (CI 8) HPLC (30% and 38% CH3CN in H2O) to yield the most potent 
constituents irciniastatins A (1) and B (2), 34.7 mg and 2.2 mg, respectively. The 
dichloromethane-methanol extract gave strong (GI50 10"^ /^g/ml) activity against the P388 
lymphocytic leukemia and a minipanel of htiman cancer cell lines. 

[0014] Irciniastatins A (1) and B (2) were obtained as colorless amorphous 

powders. The high resolution FAB mass spectrum of 1 showed a pseudomolecular ion peak 
at m/z 610.3228 [M+H]^ which revealed the molecular formula as C31H48NO11 (calc. 
610.3228) and implying nine degrees of imsaturation. Both 1 and 2 exhibited similar 
resonance patterns in their and ^^C NMR spectra. 

[0015] Interpretation of 2D-COSY, TOCSY and HMQC spectra of 

irciniastatin A (1) revealed three spin-spin systems (I: CH2=CH(CH3)-CH2-CH(OCH3)- 
CH(OH)-CO-, n: NH-CH(OCH3)-CH(0-)-CH2-CH(OH)-, and EI: CH(0-)-CH2-CH(0H)- 
CH(CH3)-CH(0-)-CH2-)- A methyl, a carbonyl and six aromatic carbons remained and were 
deduced to be a r-carbonyl-2',4-dihydroxyl-5'-methylbenzene unit based upon HMBC 
correlations (Table 1). One proton on the benzene ring had a quite low downfield chemical 
shift (6 11.13 s), which indicated that the proton was hydrogen bonded with an adjacent 
carbonyl oxygen atom. An HMBC correlation from the NH (5 7.09 d) to a carbonyl carbon 
(6 173.49 s) defined an amide linkage between spin-spin systems I and H. A series of HMBC 
correlations around spin-spin system n and in as well as one quaternary carbon (6 38.75 s) 
and two geminal methyl groins (6 0.92 s/13.67 q and 6 0.97/23.06 q), cross peaks of H-8/C- 
12, H-12/C-8, H-12/C-10, H-lO/C-12 and H-9/C-11 (Table 1), estabUshed a ^em-dimetiiyl- 
tetrahydropyran vmit between spin-spin systems U and in. Between spin-spin system DI and 
the benzene ring, many HMBC correlations were obs^ved, namely from H-17 (6 2.82 and 
2.89) to C-18 (6 139.68 s), C-19 (5 113.20 s) and C-23 (6 101.59 s), from H-16 (6 4.53) to C- 
18, and from methyl protons at the benzene ring (C-29, 6 2.02 s) to C-17 (5 28.39 t). Thus, 
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connection of one side of spin-spin system HI with the r-carbonyl-2',4'-dihydroxyl-5'" 
methylbenzene portion was confinned. Also, according to HMBC cross peaks two methoxyl 
groups (6 3.38 s) were identified and linked at C-4 (8 80.53 d) and C-7 (6 78.31 d), 
respectively, 

[0016] The "^C chemical shifts of C-5 (5 73,11 d), C-10 (6 71.41 d) and C-14 

(5 73,75 d) indicated the presence of a hydroxyl group linked to each of the three carbons. A 
special deuterated solvent (CD3OH) was used in ID and 2D-NMR experiments for defining 
each hydroxyl group location. Four active hydroxyl protons were determined to be located at 
C-5, C-14, C-20 and C-22. Since a few signals were found to overlap with the large D2O 
resonance, the hydroxyl proton at C-10 was not observed. Comparison of the *^C chemical 
shift of C-16 with those of C-5, C-10, and C-14 showed that C-16 was shifted downfield by 
5.66 to 8.0 ppm. That data clearly showed C-16 was the site of another ring involving an 
oxygen atom that satisfied the last one degree of unsaturation. In NMR experiments 
employing CD3OH solvent, the lactone carbonyl group (C-14, 8 170.44 s) was found linked 
to the benzene ring, which suggested the formation of a six-member lactone with C-16. 
Based upon the above extensive analysis, the structure of irciniastatm A (1) was established. 

[0017] A review of 2D-NOESY and ROESY experiments afforded valuable 

stereochemical information for assignment of four chiral centers. Because both protons at C- 
5 and C-8 exhibited NOE correlations with the amide proton (NH), these three protons were 
clearly oriented fi-om the same side in space (see Figure 2). Two other NOE correlations 
were observed fi-om H-7 to the two axial protons on the tetrahydropyran, H-10 and H-12, and 
implied that these three protons were in close proximity oii another side. Therefore, the 
relative configuration of the four chiral carbons were deduced as 7R*, 8S*, lOR* and 12R*. 

[0018] Irciniastatin B (2) was found to correspond to molecular formula 

C31H45NO11, as determined by high resolution FAB mass spectroscopy indicating two 
hydrogens less and one degree of unsaturation more than irciniastatm A (1). In flie ^^C-NMR 
spectrum one hydroxyl disappeared and one ketone carbon signal (6 210.00 s) speared 
compared to that of 1. HMBC correlations firom H-8, H-9, H-12 and two geminal methyl (C- 
12 and C-27) to the ketone carbon were observed, suggesting the ketone was at C-1 0. Also, 
the chemical shifts of two neighboring carbons (C-9 and C-1 1) were shifted downfield by 
8.88 ppm and 10.65 ppm, respectively. The resonance shifts supported the assignment fi-om 
the HMBC experiment. Therefore, irciniastatin B was assigned structure 2. Both 
irciniastatins A and B resisted a variety of attempts at crystallization, and that has so far 
precluded completing the stereochemical assignments by X-ray crystal structure 
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determination. Synthetic approaches to these important new anticancer drug candidates will 
now be undertaken to define the remaining chiral centers and increase the availability of both 
irciniastatins and derivatives for furttier development, 

[0019] Irciniastatins A (1) and B (2) displayed powerful cancer cell growth 

inhibition against the murine P388 leukemia cell line and six hxmian cancer cell lines with 
GI50 values of 10"^-10"^ jig/ml (Table 2). Although there was only one minor difference at C- 
10 between irciniastatins A and B, the cell growth inhibition of 2 proved to be ten times 
stronger than that of 1 against the murine P388 levikemia, human pancreas (BXPC-3), breast 
(MCF-7) and CNS (SF268) cancer ceU lines. However, against lung cancer cells (NCI- 
H460), irciniastatin A was at least 10 times more active than irciniastatin B. frdniastatin A 
(1) was available in sufficient quantity to evaluate possible antimicrobial activity. 
Irciniastatin A (1) had marginal antifungal and antibacterial activities, with TniTiiiriiim 
inhibitory concentrations of 16 )ig/ml for Cryptococcus neoformans and 64 }xg/ml for 
Neisseria gonorrhoeae, 

[0020] Irciniastatins A (1) and B (2) are extremely promising anticancer 

agents and their development, including synthetic approaches and investigation of possible 
microorganism sources, is in progress. 

[0021] EXPERIMENTAL 

[0022] General Procedures. Organic solvents used for colxmm 

chromatography were freshly distilled. Sephadex LH-20, particle size 25-100 ^m, used in gel 
permeation and partition column chromatographic separations was obtained from Pharmacia 
Fine Chemicals AB, Uppsala, Sweden. The TLC plates were viewed under shortwave UV 
Ught and then developed by 20% H2SO4 or 3% eerie sulfate - 3N sulfuric acid spray reagent 
following by heating at approximately 150 **C. For HPLC separations, a Phenomenex 
Zorbox SB CI 8 particle size 10 ^, * 9.4 mm x 25 cm) CI 8 colunm and a Phenomenex IB- 
SIL (particle size 5 * 4.6 mm x 25 cm) C-18 column were used in reversed-phase mode 
with Waters Delta (model 600) solvent metering pumps in conjunction with Waters 2487 
Dual X Absoibance Detector (at X 254 nm), with Gilson (model 306) solvent metering pvimps 
and Gilson 118 UVA^S detection at X 254 nm. HPLC grade organic solvents were 
purchased from EM Science and pure water was produced by Bamstead Easypure PF 
compact ultrapure water system model D703L The solvent partitioning sequence was a 
modification of the original procedure of Bligh and Dyer. (Bligh, E. G., et al., A rapid 
method of total lipid extraction and purification. Can. J, Biochem. Physiol. 1959, 37, 912.) 
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[0023] Optical rotation was detennined employing a Perkin-Elmer Model 241 

polarimeter. The UV spectrum was recorded with a Hewlett-Packard 8450 UV-VIS 
spectrometer. The HRFABMS was measured wifli a JEOL JMS-LC mate LCMS system. 
The and ^^C-NMR, APT, *H-^H-COSY, TOCSY (mixing time of 45 msec and 60 msec), 
HMQC (optimized for ^Jh<: = 8.2 Hz), ROESY (mixing time of 100 msec and 150 msec) and 
2D J-resolution data were recorded using a Varian VXR-500 instrument in CDCI3. 

[0024] Collection of Ircinia rcunose 

[00251 On July 6, 1991 an approximate 1 kg sample of wet Ircinia cf. ramosa 

Bergquist, 1965 (Demospongiae: Dictyoceratida: Ircinidae) was collected using SCUBA at- 
20 to -36 M on a barrier reef near Sempoma, Sabah (Borneo), Malaysia. The reddish brown 
(darkens on exposxire to air) encrusting (wifli vertical branching) sponge with a ligiht brown 
exterior was preserved in methyl alcohol. Reference specimens are maintained at ASU-CRI 
and Queensland Museum in Australia. 

[0026] Extraction and Solvent Partitioning. The /. ramosa sponge sample 

(-1 kg wet wt) was extracted with methylene chloride-methanol (1:1) and was dried to a 98.8 
g residue. This material was successively partitioned using the system MeOH-H20 (9:1 and 
3:2) against n-hexane and methylene chloride, respectively, to yield the most bioactive 
methylene chloride fraction (1.78 g, yield 1.8%) with ED50 0.0077 /ig/ml for P388 and GI50 
values of 0.0018, <0.001, 0.00089, <0.001, 0.0014 and 0.0012 ^g/ml for BXPC-3, MCF-7, 
SF268, NCI-H460, KM20L2 and DU-145 cells, respectively. 

10027] Isolation of Irciniastatins A (1) and B (2), Two bioactive fractions 

were obtained from flie methylene chloride fraction (1.78 g) by a series of Sq>hadex LH-20 
gel permeation and partition column chromatographic steps using methanol, me&ylene 
chloride-methanol (3:2), n-hexane-methylene chloride-methanol (5:1:1) as eluents. Further 
separation of the two fractions (A: 144 mg and B: 69.5 mg) was performed employing CI 8 
(10 j[*) reversed-phase column (9.4 mm x 25 cm) HPLC with mobile phases 3:7 and 19:31, 
CH3CN-H2O to isolate and collect two major peaks. Final purification was achieved by using 
ODS (5 /i) column (4.6 nrni x 25 cm) HPLC techniques with 3:7 and 19:31 CH3CN-H2O as 
eluents. By fliis means, pure irciniastatins A (34.7 mg, yield 3.51 x 10"^ %) and B (2,2 mg, 
yield 2.23x10"^%) were isolated. Lrciniastatin A (1) was obtaiiied as a colorless amorphous 
powder: [q;]d + 24.40° (c, 0.55, CH3OH); UV (CH3OH-H2O) X 310, 270, 230(sh), 215 mn; 
FAB-MS m/z 610 [M+H]; HRFABMS m/z 610.3228, C3iH48NOu (calc. 610.3228). The *H, 
APT, HMQC, HMBC, and ROESY (in CDCI3) assignments have been summarized in Table 
1. 
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[0028] Ircimastatin B (2) was isolated as a colorless amorphous powder: [oOd 

^.67^ (c, 0.15, CH3OH); UV (CHsOH-HiO) X310, 270, 230(sh), 215 rnn; FAB-MS m/z 608 
[M+Hf ; HRFABMS m/z 6083101, C31H46NO11 (calc. 608.3071). Refer to Table 1 for the 
^H, APT, HMQC, HMBC, and ROESY (in CDCI3) data. 

[00291 Cancer CeU Line Procedures 

[0030] Inhibition of human cancer cell growth was assessed using the 

National Cancer Institute's standard sulforhodamine B assay as previously described. 
Briefly, cells in a 5% fetal bovine serum/RPMI1640 mediirai solution were inoculated in 96- 
well plates and incubated for 24 hours Seriel dilutions of the compounds were then added. 
After 48 hours, the plates were fixed with trichloroacetic add, stained with sulforhodamine B 
and read with an automated microplate reader. A growth inhibition of 50% (GI50 of the drug 
concentration causing a 50% reduction in the net protein increase) was calculated fiom 
optical density data with hnmunosoft software. Inhibition of the mouse leukemia P388 cells 
was assessed in a 10% horse senmi/Fisher medium solution for 24 hours, followed by a 48 
hour incubation with serial dilutions of the compounds. Cell growth inhibition (ED50) was 
then calculated using a Zl Beckman/Coulter particle counter. (Monks, A., et al.. Feasibility 
of high-flux anticancer screen using a diverse panel of cultured human tumor cell lines, J, 
Natl. Cancer Inst. 1991, 83, 757-766.) 

[0031] HUVEC and Tube Formation. 

[0032] Unpolymerized Matrigel (Becton Dickinson) was used to coat the 

wells (250 fxL/well) of a 24-well tissue culture plate and allowed to polymerize for 1 hour at 
37 °C. HUVEC (human umbilical vascular endothelial cells) (BD Biosciences Clontech) 
were plated (6 x 10"^ cells/well) in 0.5 mL of EGM-2 complete medium (Clonetics-Bio- 
Whittaker Cambrex) to which irdniastatin A doses were added in experimental wells. After 
^-24 hours of incubation, digital photographs were takm. 

[0033] Antimicrobial Susceptibility Testing. 

[0034] Irdnastatin A (1) was evaluated against the bacteria Stenotrophomonas 

maltophilia ATCC 13637, Micrococcus luteus Presque Isle 456, Staphylococcus aureus 
ATCC 29213, Escherichia coli ATCC 25922, Enterobacter cloacae ATCC 13047, 
Enterococcus faecalis ATCC 29212, Streptococcus pneumoniae ATCC 6303 and Neisseria 
gonorrhoeae ATCC 49226, and the fungi Candida albicans ATCC 90028 and Cryptococcus 
neofonnans ATCC 90112, following established broth microdilution susceptibiUty assays. 
The minimum inhibitory concentration was defined as the lowest concentration of 
irciniastatin A that inhibited all visible growth of the test organism (optically clear). Assays 
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were repeated on separate days. (National Committee for Clinical Laboratory Standards. 
Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow Aerobically. 
Approved Standard M7-A5. Wayne, PA: NCCLS, 2000; National Conraiittee for Clinical 
Laboratory Standards. Reference Method for Broth Dilution Antifungal Susceptibility 
Testing of Yeasts. Approved Standard M27-A. Wayne, PA: NCCLS, 1997.) 

ADMINISTRATION 

[0035] Dosages 

[0036] The dosage of the presently disclosed compounds to be administered to 

humans and other animals requiring treatment will depend upon nimierous factors, including 
the identity of the neoplastic disease; the type of host involved, including its age, healtti and 
weight; the Idnd of concurrent treatment, if any; the frequency of treatment and therapeutic 
mtio. Hereinafter are described various possible dosages and methods of administration, with 
flie understanding that the following are intended to be illustrative only, and that the actual 
dosages to be administered, and methods of administration or delivery may vary therefrom. 
The proper dosages and adnmiistration forms and methods may be determined by one of skill 
in the art. 

[0037] Illustratively, dosage levels of the administered active ingredients may 

be: intravenous, 0.1 to about 20 mg/kg; intramuscular, 1 to about 50 mg/kg; orally, 5 to 
about 100 mg/kg; intranasal instillation, 5 to about 100 mg/kg; and aerosol, 5 to about 100 
mg/k of host body weight. 

[0038] Expressed in terms of concentration, an active ingredient may be 

present in the compositions of the present invention for localized use about the cutis, 
intranasally, pharyngolaryngeally, bronchially, intravaginally, rectally, or ocularly in 
concentration of from about 0.01 to about 50% w/w of the composition; preferably about 1 to 
about 20% w/w of the composition; and for parenteral use in a concentration of from about 
0.05 to about 50% w/v of the composition and preferably from about 5 to about 20% w/v. 

[0039] The compositions of the present invention may preforably be presented 

for administration to humans and animals in imit dosage forms, such as tablets, capsules, 
pills, powders, granules, suppositories, sterile parenteral solutions or suspensions, sterile non- 
parenteral solutions of suspensions, and oral solutions or suspensions and the like, containing 
suitable quantities of an active ingredient. Other dosage forms known in the art may be used. 

[0040] For oral administration either soUd or fluid unit dosage forms may be 

prepared. 
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[0041] Powders may be prepared by conuninuting the active ingredient to a 

suitably fine size and mixing with a similarly conmiinuted diluent The diluent can be an 
edible carbohydrate material such as lactose or starch. Advantageously, a sweetening agent 
or sugar is present as well as a flavoring oil. 

[0042] Capsules may be produced by preparing a powder mixture as 

hereinbefore described and filling into formed gelatin sheaths. Advantageously, as an 
adjuvaQt to the filling operation, a lubricant such as talc, magnesium stearate, calcium 
stearate and the lilce is added to the powder mixture before the filling operation. 

[0043] Soft gelatin capsules may be prqpared by machine encapsulation of a 

slurry of active ingredients with an acceptable vegetable oil, light liquid petrolatum or other 
inert oil or triglyceride. 

[0044] Tablets may be made by preparing a powder mixture, granulating or 

slugging, adding a lubricant and pressing into tablets. The powder mixture is prepared by 
nndxing an active ingredient, suitably comminuted, with a diluent or base such as starch, 
lactose, kaoUn, dicalcium phosphate and the like. The powder mixture can be granulated by 
wetting with a binder such as com syrup, gelatin solution, methylcellidose solution or acacia 
mucilage and forcing through a screen. As an alternative to granulating, the powder mixture 
can be slugged, i.e., run through the tablet machine and the resulting imperfectly formed 
tablets broken into pieces (slugs). The slugs can be lubricated to prevent sticking to the 
tablet-forming dies by means of the addition of stearic acid, a stearic salt, talc or mineral oil. 
The lubricated mixture is then compressed into tablets. 

[0045] Advantageously, the tablet may be provided with a protective coating 

consisting of a sealing coat or enteric coat of shellac, a coating of sugar and methylcellulose 
and polish coating of camauba wax. 

[0046] Fluid unit dosage forms for oral administration such as in syrups, 

elixirs and suspensions may be prepared wherein each teaspoonfiil of composition contains a 
predetermined amoimt of an active ingredient for administration. 

[0047] The water-soluble forms may be dissolved in an aqueous vehicle 

together with sugar, flavoring agents and preservatives to form a syrup. An elixir is prepared 
by using a hydroalcohoUc vehicle with suitable sweeteners together with a flavoring agent. 
Suspensions may be prepared of the insoluble forms with a suitable vehicle with the aid of a 
suspending agent such as acacia, tragacanth, methylcellulose and the like. 

[0048] For parenteral administration, fluid unit dosage forms may be prepared 

utiUzing an active ingredient and a sterile vehicle, water being preferred. The active 
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ingredient, dqpending on the fonn and concentration \jsed, can be either suspended or 
dissolved in the vehicle. La preparing solutions the water-soluble active ingredient can be 
dissolved in water for injection and filter sterilized before filling into a suitable vial or 
ampule and sealing. Advantageously, adjuvants such as a local anesthetic, preservative and 
buffering agents can be dissolved in the vehicle. Parenteral suspensions are prepared in 
substantially the same maimer except that an active ingredient is suspended in the vehicle 
instead of being dissolved and sterilization cannot be accomplished by filtration. The active 
ingredient can be sterilized by exposure to ethylene oxide or another method known to one of 
skill in the art before suspending in the sterile vehicle. Advantageously, a surfactant or 
wetting agent may be included in the composition to facilitate uniform distribution of the 
active ingredient. 

[0049] In addition to oral and parenteral administration, the rectal and vaginal 

routes may be utilized. An active ingredient can be adnfiinistered by means of a siqjpository. 
A vehicle which has a melting point at about body temperature or one that is readily soluble 
can be utilized. For example, cocoa butter and various polyethylene glycols (Carbowaxes) 
can serve as the vehicle. 

[0050] For intranasal installation, a fluid unit dosage form may be prepared 

utilizing an active ingredient and a suitable pharmaceutical vehicle, preferably P.F. water, a 
dry powder, can be formulated when insulation is the administration of choice. 

[0051] For use as aerosols, the active ingredients may be packaged in a 

pressurized aerosal container together with a gaseous or liquefied propellant, for example, 
dichlorodifluoromethane, carbon dioxide, nitrogen, propane, and tiie like, with the usual 
adjuvants such as cosolv«its and wetting agents, as may be necessary or desirable. 

[0052] The terai *'umt dosage form" as used in the specification and claims 

refers to physically discrete units suitable as unitary dosages for human and animal subjects, 
each unit containing a predetermined quantity of active material calculated to produce the 
desired therapeutic effect in association with the required pharmaceutical diluent, carrier or 
vehicle. The specifications for the novel unit dosage forms of this invention are dictated by 
and are directly dependent on (a) the unique characteristics of the active material and the 
particular therapeutic effect to be achieved, and (b) the limitation inherent in the art of 
compounding such an active material for therapeutic use in humans, as disclosed in this 
specification, these being features of the present invention. Examples of potentially suitable 
unit dosage forms in accord with this invention are tablets, capsules, troches, suppositories. 
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powder packets, wafers, cachets, teaspoonfiils, tablespoonfiils, dropperfuls, ampules, vials, 
segregated multiples of any of the foregoing, and other forms as herein described. 

[0053] The active ingredients to be employed as antineoplastic agents can be 

easily prepared in such unit dosage form with the employment of pharmaceutical materials 
which themselves are available in the art and can be prepared by established procedures. The 
following preparations are illustrative of the preparation of the unit dosage forms of the 
present invention, and not as a lin^iitation thereof The notation "active ingredient signifies 
the compounds described herein. 

COMPOSITION "A" 
[0054] Hard-Gelatin Capsules 

[0055] One thousand two-piece hard gelatin capsules for oral use, each 

C£5>sule containing 200 mg of an active ingredient are prepared firom the following types and 
amounts of ingredients: 

Active ingredient, micronized 20 g 

Com Starch 20 g 

Talc 20 g 

Magnesixrai stearate 2 g 

[0056] The active ingredient, finely divided by means of an air micronizer, is 

added to the other finely powdered ingredients, mixed thoroughly and then encapsulated in 
the usual maimer. 

[0057] The foregoing capsules are useful for treating a neoplastic disease by 

the oral administration of one or two capsules one to four times a day. 

[0058] Using the procediire above, capsules are similarly prepared containing 

an active ingredient in 5, 25 and 50 mg amounts by substituting 5 g, 25 g and 50 g of an 
active ingredient for the 20 g used above. 

COMPOSITION "B" 
[0059] Soft Gelatin C^sules 

[0060] One-piece soft gelatin capsules for oral use, each containing 20 mg of 

an active ingredient, finely divided by means of an air micronizer, are prepared by first 
suspending the compound in 0.5 ml of com oil to render the material capsulatable and thai 
encapsulating in the above manner. 
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[0061] The foregoing capsules are iiseful for treating a neoplastic disease by 

the oral administration of one or two capsules one to four times a day. 

COMPOSITION "C" 

[0062] Tablets 

[0063] One thousand tablets, each containing 20 mg of an active ingredient, 

are prepared from the following types and amounts of ingredients: 



Active ingredient, micronized 20 g 

Lactose 300 g 

Com starch 50 g 

Magnesium stearate 4 g 

Light liquid petrolatum 5 g 



[0064] The active ingredient, finely divided by means of an air micronizer, is 

added to the other ingredients and then thoroughly mixed and slugged. The slugs are broken 
down by forcing them throu^ a NvimbCT Sixteen screen. The resulting granules are then 
compressed into tablets, each tablet containing 20 mg of the active ingredient. 

[0065] The foregoing tablets are useful for treating a neoplastic disease by the 

oral administration of one or two tablets one to four times a day. 

[0066] Using the procedure above, tablets are similarly prepared containing an 

active ingredient in 25 mg and 10 mg amounts by substituting 25 g and 10 g of an active 
ingredient for the 20 g used above. 

COMPOSITION *T>" 
[0067] Oral Suspension 

[0068] One liter of an aqueous suspension for oral use, containing in each 

teaspoonful (5 ml) dose, 50 mg of an active ingredient, is prepared fix)m the following types 
and amounts of ingredients: 



Active ingredient, micronized 


Ig 


Citric acid 


2g 


Benzoic acid 


Ig 


Sucrose 


790 g 


Tragacanth 


5g 


Lemon Oil 


2g 


Deionized water, q.s. 


1000 ml 
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[0069] The citric acid, benzoic acid, sucrose, tragacanth and lemon oil are 

dispersed in sufficient water to make 850 ml of su^ension. The active ingredient, finely 
divided by means of an air micronizer, is stirred into the syrup unit uniformly distributed. 
Sufficient water is added to make 1000 ml. 

[0070] The composition so prepared is useful for treating a neoplastic disease 

at a dose of 1 teaspoonful (15 ml) three times a day. 

COMPOSITION "E" 
[0071] Parenteral Product 

[0072] A sterile aqueous suspension for parenteral injection, containing 3 mg 

of an active ingredient in each milliliter for treating a neoplastic disease, is prepared from the 
following types and amounts of ingredients: 



Active ingredient, micronized 3 g 

POLYSORBATE 80 5 g 

Methylparaben 2.5 g 

Propylparaben 0, 1 7 g 

Water for injection, q. s. 1000 ml. 



[0073] All the ingredients, except the active ingredient, are dissolved in the 

water and the solution sterilized by filtration. To the sterile solution is added the sterilized 
active ingredient, finely divided by means of an air micronizer, and the final suspension is 
filled into sterile vials and the vials sealed. 

[0074] The composition so prepared is useful for treating a neoplastic disease 

at a dose of 1 milliliter (1ml) three times a day. 

COMPOSITION 
[0075] Suppository, Rectal and Vaginal 

[0076] One thousand suppositories, each weighing 2.5 g and containing 20 mg 

of an active ingredient are prepared from the following types and amounts of ingredients: 
Active ingredient, micronized 1 .5 g 

Propylene glycol 1 50 g 

Polyethylene glycol #4000, q.s. 2,500 g 

[0077] The active ingredient is finely divided by means of an air micronizer 

and added to the propylene glycol and the mixture passed through a colloid mill until 
imiformly dispersed. The polyethylene glycol is melted and the propylene glycol dispersion 
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is added slowly with stirring. The suspension is poured into unchilled molds at 40 °C. The 
composition is allowed to cool and solidify and then removed from the mold and each 
si5>pository foil wrapped. 

[0078] The foregoing suppositories are* inserted rectally or vaginally for 

treating a neoplastic disease. 

COMPOSITION "G" 
Intranasal Suspension 
[0079] One liter of a sterile aqueous susp^sion for intranasal instillation, 

containing 2 mg of an active ingredient in each milliliter, is prepared from the following 



types and amounts of ingredients: 

Active ingrediait, micronized 1 .5 g 

POLYSORBATE 80 5 g 

Methylparaben 2.5 g 

Propylparaben 0. 1 7 g 

Deionized water, q.s. 1 000 ml. 



[0080] All the ingredients, except the active ingredient, are dissolved in the 

water and the solution sterilized by filtration. To the sterile solution is added the sterilized 
active ingredient, finely divided by means of an air micronizer, and the final suspension is 
aseptically filled into sterile contain^s. 

[0081] The composition so prepared is usefiil for treating a neoplastic disease, 

by intranasal instillation of 0.2 to 0.5 ml given one to four times per day. 

[0082] An active ingredient can also be present in the undiluted pure form for 

use locally about the cutis, intranasally, pharyngolaryngeally, bronchially, or orally. 

COMPOSITION *TH" 
Powder 

[0083] Five grams of an active ingredient in bulk form is finely divided by 

means of an air nMcronizer. The micronized powder is placed in a shaker-type container. 

[0084] The foregoing composition is usefiil for treating a neoplastic disease, at 

localized sites by applying a powder one to four times per day. 
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COMPOSITION 
Oral Powder 

[0085] One hundred grams of an active ingredient in bulk form is finely 

divided by means of an air micronizer. The micronized powder is divided into individual 
doses of 20 mg and packaged.The foregoing powders are useful for treating a neoplastic 
disease, by the oral administration of one or two powders suspended in a glass of water, one 
to four times per day. 

COMPOSITION "J" 

[0086] Insulation 

[0087] One hundred grams of an active ingredient in bulk form is finely 

divided by means of an air micronizer. The foregoing composition is useful for treating a 
neoplastic disease, by the inhalation of 30 mg one to four times a day. 

[0088] It is of course understood tiiat such modifications, alterations and 

adaptations as will readily occur to the artisan confronted with this disclosure are intended 
within the spirit of the present invention. 
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Table 2. Inhibition of cancer cell line growth (GIso Mg/nil) by ixdniastatins A (1) and B (2) 



Human Cancer Cell Line Irciniastatin A Irdniastatin B 



Pancreas 


BXPC-3 


0.0038 

c 


0.00073 


Breast 


MCF-7 


0.0032 


0.00050 


CNS 


SF268 


0.0034 


0.00066 


Lung 


NCI-H460 


<0.0001 


0.0012 


Colon 


KM20L2 


0.0027 


0.0021 


Prostate 


DU-145 


0.0024 


0.0016 


Leukemia^ 


P388 


0.00413 


0.006 


Normal 
Endothelial 


HUVEC** 


<0.0005 


ND 



^Mxirine 



^D-Biosdences Clontech 
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